Recently, minimally invasive techniques to address various lumbar spine pathologies have been developed. These techniques are associated with decreased approach-related morbidity, in addition to an accelerated postoperative recovery. In this article, we identify other factors, such as the maintenance of normal biomechanics, cost savings, as well as potentially the reduced need for reoperation that may be associated with the use of minimally invasive techniques, as compared with open surgical approaches.
expand its application in practice. It addresses various pathologies by achieving the goals of surgical treatment with minimal compromise of normal, and structurally significant, anatomy. By respecting the importance of these anatomical structures, the minimally invasive approach aims to preserve the stability of the vertebral column, as well as to prevent progressive degeneration of the spine itself, and the body systems it affects.
BIOMECHANICS
Minimally invasive spinal surgery continues to be on par with traditional open procedures for treatment goals. However, MIS sets itself apart with the ability to preserve the functional stability of adjacent segments. Due to the multifactorial nature of lumbar stenosis, surgical treatment has typically involved extensive resection of posterior spinal elements. The classic open procedure, used for decades, includes extensive muscle dissection, a wide bilateral decompressive laminectomy, varying degrees of medial facetectomy and foraminotomy. [2, 3] As effective as this procedure has proven to be, it is not without its consequences. Disruption of the muscular complex as well as removal of the posterior tension band can contribute to a loss of flexion stability, increasing the risk of delayed spinal instability and adjacent segment disease. [2] There is strong evidence that associates postoperative back pain and disability with prolonged muscle retraction, which is an inherent part of traditional spine approaches. Direct mechanical compression by the retractor can cause significant muscle ischemia and necrosis. In patients
HISTORY
"Get knowledge of the spine, for this is the requisite for many diseases." -Hippocrates, 460-377 BC.
Even since ancient times, the human spine has been recognized as an elaborate framework -the earliest written account of its importance can be found in the Edwin Smith papyrus from 1550 BC. In this artifact, the symbol used to reference, the spinal column was understood to mean stability and durability. Hippocrates understood that the intricate network of vertebrae, joint structures, and ligamentous and muscular tissues, can carry with it a range of pathologies that can compromise not only spinal integrity, but also other body systems. [1] The world of spine surgery has undergone vast changes on the heels of emerging surgical technologies, improved imaging modalities, and advancement in biologic materials. Each advance was driven by forces such as the need to return patients to daily activities, to diminish procedure-related pain, decrease healthcare costs, as well as to minimize present and potentially future complications. With insight into an extensive history, minimally invasive spinal surgery (MIS) has been at the forefront of these paradigm shifts, and continues to undergoing lumbar spinal surgery, there is histological evidence of muscle damage. [4] [5] [6] Electrophysiological and magnetic resonance imaging studies also provide evidence of paraspinal muscle damage in these patients. [7] Sihvonen et al. [8] described radiologic, neurophysiologic, and muscle biopsy evidence found in most of their patients suffering from the postoperative failed back syndrome. According to these findings, these patients had dorsal ramus lesions in one or more segments covered by the scar and local paraspinal muscle atrophy at the corresponding segments. These findings of disrupted paraspinal muscle innervation and loss of muscular support was an important cause of the failed back syndrome. [8] More recently, the correlation between muscle injury, and subsequent back pain and disability were evaluated. Datta et al. [9] evaluated 20 patients undergoing two-level decompressive lumbar laminectomy. The visual analog score (VAS), Oswestry Disability Index (ODI), and short-form 36 (SF-36) were utilized to assess back pain and disability. Intramuscular pressure (IMP) was monitored continuously during surgery and the intramuscular perfusion pressure (IPP) was indirectly recorded. During deep muscle retraction, a rapid increase in IMP was noted and IPP approached 0 mmHg. The mean duration of muscle retraction was greater than 60 min, which was associated with worse VAS, ODI, and SF-36 scores for disability at 6 months postoperatively (P < 0.05). [9] MIS techniques prevent such morbidity as a result of the muscle-dilating approaches used. Significant muscle ischemia is reduced because the dilation is performed in a well-vascularized region of the paraspinal musculature, rather than in the midline, and there is minimal "retraction" as such.
In a biomechanical study, Bresnahan et al. [2] investigated the impact of graded posterior element removal associated with emerging decompression techniques. The standard open laminectomy was compared to micro-endoscopic decompression and interlaminar laminotomy using a previously validated [10] three-dimensional intact lumbar finite element model. The study concluded that increased motion directly correlates with the amount of posterior element removal. Removal of the spinous process, supra-and inter-spinous ligament in the open model produced almost twice as much motion in flexion than was generated when these elements remained intact; this increased motion also resulted in increased stress on the annulus. [2] Even the least invasive approach resulted in some increased motion; however, results indicated that the extent of removal of the posterior elements had a direct correlation to the degree of increased motion. Therefore, minimizing bone and ligament removal, common in minimally invasive procedures, results in greater preservation of normal lumbar spine motion postoperatively and theoretically could diminish the risk of progressive adjacent segment disease. Future study of the use of minimally invasive techniques would hopefully confirm the long-term clinical impact of the results found in these biomechanical studies.
VALIDITY Minimally invasive spinal surgery: Discectomy
The advantages of MIS have been disputed in the treatment of localized pathologies when compared to traditional methods. The Sciatica Micro-Endoscopic Discectomy randomized controlled trial compared the use of MIS, using the tubular method, versus open lumbar discectomy. The study included 328 patients and concluded that there was no advantage to tubular discectomy over traditional open surgery. [11] Although this study showed no distinct advantage, tubular discectomy remains a viable option, especially when considering the potential complications and patient type. German et al. [12] in their study have reported a retrospective review of 172 patients comparing open and minimally invasive discectomy procedures. Specifically noting complications, the authors concluded that although the percent of patients who developed a cerebrospinal fluid leak was similar between the groups, their experience suggests that most patients who undergo a minimally invasive approach fare better because they do not require bed rest, may be discharged home on the day of surgery, and do not require further intervention for symptomatic headaches or poor wound healing. [12] In addition, what has become more apparent is that as the morbidity of the procedure and/or debility of the patient increases, the advantages of MIS approach are likely to be increased. For example, minimally invasive techniques may be particularly useful for obese patients. A longer distance between the skin and spine, as is common in obese patients, does not require additional time for dissection when using a minimally invasive tubular retraction system. In addition, use of minimally invasive techniques requires relatively small, standard-length skin incisions regardless of the depth of the spine, unlike open surgery, in which a longer skin incision is often needed for adequate exposure of a deep spine. [13] It is our opinion that future studies will show the advantage of tubular discectomy compared with traditional microdiscectomy in such select patient groups.
Minimally invasive spinal surgery: Laminectomy
With the advancements in medical care, life expectancy has increased over the last 50 years, but has also carried with it an increase in the prevalence of disorders associated with aging. Lumbar stenosis is one of the most common diseases of the spine in the geriatric population, and is currently the leading cause for spinal surgery. [14] Even at specialized centers, traditional open surgery has been associated with complication rates ranging from 28% to 86%, [15] and the risk of morbidity has been shown to increase with age. [16] In addition, postoperative back pain is a significant problem following open procedures. Paraspinal muscle stripping, and subsequent prolonged wide retraction seen in conventional lumbar surgery can result in ischemia and denervation of the paraspinal musculature, which may lead to postoperative muscle atrophy and pain. [17] In contrast, MIS has modified this approach through muscle-dilating, significantly diminishing the amount of iatrogenic soft-tissue injury. As a result, MIS has shown potential to reduce a number of complications related to the traditional open procedure including decreasing intraoperative blood loss and the intensity of postoperative pain. [18] As the knowledge of the pathoanatomy of lumbar stenosis has improved, it has become clear that neurological compression is most commonly seen at the level of the interlaminar window. As a result, surgeons have adopted the technique of multilevel focal laminotomies, as opposed to the traditional wide laminectomy. [19] In a study by Rosen et al., [20] 50 patients older than 75 years, with significant medical comorbidities, underwent MIS for spinal canal decompression. This study confirmed the successful application of the procedure in this age group. More importantly, the study showed that the authors were able to reduce their average length of postoperative stay to 29 h. [20] Khoo and Fessler [14] compared open to micro-endoscopic decompressive (MED) procedures in a group of 50 patients. This study showed longer surgical times in the MED group with comparable clinical outcomes. However, the MED arm had decreased blood loss, hospital stay, and postoperative narcotic usage.
Minimally invasive spinal surgery Lumbar fusion
Conventional lumbar fusion requires significant muscle stripping and retraction causing short-and long-term adverse effects. [21, 22] There have been multiple authors describing MIS techniques for various indications that have shown equivalent fusion rates and functional outcomes compared with standard open procedures. [18, [23] [24] [25] Wang et al. have reported on the successful application of MIS fusion techniques to treat adult spinal deformities. [26] In a review of 42 patients, Dhall et al. [27] [28] compared a series of 20 patients who underwent endoscopically assisted minimally invasive TLIF with a group of patients who underwent the open posterior lumbar interbody fusion procedure for single-level degenerative disc disease. They determined that intraoperative blood loss, hospital stay, and postoperative narcotic use were significantly less in patients who underwent the minimally invasive TLIF procedure; no procedure-related complications were noted. In a recent retrospective review by Rouben et al., [29] 169 patients who underwent either single or two-level MIS TLIF were evaluated for long-term clinical and radiographic durability. This study showed 96% fusion rate at 1-year follow-up. About 97% of patients returned to work at an average of 8 weeks. The ODI improved 36% at the first follow-up and was improved by 41% at 49 months postoperatively (P < 0.001) showing continued improvement at long-term follow-up. The authors also noted a decrease in narcotic use from 100% to 31% 6 months postoperatively. The single-level and two-level fusions improved comparably in ODI and VAS. Many groups have also investigated the application of minimally invasive approach to adult deformity. In a retrospective review of 23 patients, clinical and radiographic results were reviewed following minimally invasive surgery for adult thoracolumbar deformity. 84 of 86 treated levels exhibited clear evidence of fusion on radiographs, with no indication of interbody pseudoarthrosis. In their patient cohort, coronal plane deformities had mean pre-and post-operative Cobb angles of 31.4 and 11.5°. Sagittal deformities were measured by the degree of lordosis between the thoracolumbar junction and S1 endplate, and a mean average increase in lumbar lordosis of 8.0° was noted. [15] In the same patient cohort, VAS scores for leg pain averaged 4.35 preoperatively and improved to 1.57 postoperatively; the VAS scores for axial back pain averaged 7.3 preoperatively and improved to 3.35 postoperatively (P < 0.01). [15] In a recent prospective clinical study, Perez-Cruet et al. [30] demonstrated the short-and long-term outcomes in 304 patients undergoing MIS TLIF. Statistically significant improvements were noted in VAS, ODI, and SF-36 at short-and long-term follow-up. VAS specifically noted an average decrease from 7.0 to 4.5 points (P < 0.001) at 2 weeks post operatively, indicating an immediate short-term improvement. In addition, average follow-up time was 47 months (range, 2-8 years), and the VAS scores maintained improvement, averaging 4.5 (P < 0.001) and 3.5 (P < 0.05) at 34 and 47 months. Similarly, ODI scores averaged 43.1 preoperatively and decreased to 28.7 at 6 months (P < 0.001) and 28.2 at 47 months (P < 0.05). Reoperation rate in the series was 3.9% (n = 12); 2% required reoperation at the original surgical site due to interbody failure (broken or retropulsed) or a failed pedicle screw. The other 2% required reoperation at the adjacent level; three of these patients required MIS laminectomy, while the other three had prior open laminectomy procedures, and therefore required MIS fusion. This low rate of adjacent level pathology is thought to be due to the preservation of the paraspinal muscular, bony, and ligamentous anatomy afforded by the minimally invasive TLIF approach. In short, this study has established the durability of successful outcomes afforded by the use of MIS fusion techniques in a large group of patients over the long-term, with a significantly reduced rate of adjacent level surgery. [30] Cost-effectiveness
In the United States, a major motivating force in medical care continues to be the cost associated with the management of spinal disorders. It is estimated that the annual cost of spinal disorders surpasses $100 billion. [31] Authors have evaluated many variables contributing to escalating costs including hospital stay length, surgical site infections (SSIs), procedure cost, and hospital direct costs. Minimally invasive procedures have been associated with a shorter hospital stay, decreased narcotic use, and lower infection rates. [14, 20, 30] Parker et al. [32] have reported on the cost savings associated with MIS TLIF when compared to the open TLIF. When evaluating a total mean 2-year cost to treat, the minimally invasive TLIF group represented savings of $8731 when compared with the open TLIF arm. Wang et al. [33] performed a multicenter study in which 6106 patients who underwent either MIS TLIF (1667 patients) or open TLIF (4439 patients) were examined. Although, there was no significant cost-saving difference between one-level open and MIS TLIF groups, total inflation-adjusted acute hospitalization cost averaged $2106 less (P = 0.0023) for patients who underwent two-level MIS TLIF compared with those who underwent two-level open TLIF. [33] A meta-analysis of 5170 patients who underwent MIS-versus open-TLIF examined the cost-savings associated with lower SSI rates. [34] The incidence of SSI was 65 (4.5%) for the MIS group versus 227 (6.1%) for the open group (P = 0.037), and the direct costs associated with the diagnosis and management of the SSIs identified in the study was $1,024,950 for MIS versus $3,593,862 for the open technique.
A recent analysis by Udeh et al. [35] evaluated the cost-effectiveness of 3 options to treat lumbar spinal stenosis. The options included epidural steroid injections (ESI), open laminectomy and minimally invasive lumbar decompression. This analysis included patients with lumbar stenosis who have moderate to severe symptoms and have failed conservative therapies. The measurement was a change in quality-adjusted life years (QALY) from preprocedure to 2 years postprocedure. Minimally invasive lumbar decompression was the most cost-effective at $43,760/QALY, followed by ESI at $81,518/QALY, and open laminectomy being the lease cost-effective at $125,985/QALY.
CONCLUSION
Ailments of the lumbar spine are among the most common reasons for disability -this is especially true with an aging population as in the United States. Although traditional surgical interventions have proven beneficial, they are associated with significant approach-related morbidity as well as increased cost, and a high rate of reoperation as a result of adjacent level pathology. MIS techniques have been shown to be as effective in achieving the goals of traditional approaches, with durability of good outcomes over the long-term. Moreover, they are associated with significantly reduced approach-related morbidity, decreased costs, and likely a significantly reduced rate of adjacent level pathology requiring reoperation.
